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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a composition of matter suitable for the production of a graphite powder, suitable
for making high performance lithium-ion battery anodes and other applications. The composition of matter comprises a
biochar, a metal and graphite. The invention also relates to a method of producing a mixture.

BACKGROUND OF THE INVENTION

[0002] Lithium-ion batteries have become ubiquitous in society, being used in anything from portable electronic
equipment to power tools to electrical vehicles. The rise in utilisation of lithium-ion batteries has driven the development
to explore new and improved materials of construction to increase performance. In addition, certain lithium-ion battery
components are limited in supply and will only increase in scarcity as demand grows with the global transition to an
electrical infrastructure rather than a fossil fuel based one. For this reason, there is a concerted effort to find alternative raw
material sources, most suitably from renewable resources to ensure sustainability. One of the components in the lithium-
ion battery that is in short supply is graphite.

[0003] Graphiteis either synthesised from petroleum-based precursors or obtained from natural deposits. Some carbon
materials, such as coke and mesophase pitch can be transformed to graphite simply by heating and such materials are
termed graphitizable. Other carbon materials, for example char and some carbonised polymers, require the addition of
other components in order to facilitate the transformation into graphite [1,2]. However, for application in lithium-ion
batteries very specific requirements must be met. Only graphite materials with a very narrow range of properties are
capable of delivering the performance essential for modern applications. Innumerable possibilities exist for arriving at a
mixture of graphite, catalyst and residual char. However, only a small subset of such mixtures result in a composition of
matter suitable for further processing into graphite and eventual use in lithium-ion batteries.

[0004] EP3578512A1 describes a method for production of graphite from biomass, char or tar. M. Demir et al. (Industrial
& Engineering Chemistry Research, 54(43), (2015), 10731-10739) describes graphitic biocarbon from metal-catalyzed
hydrothermal carbonization of lignin. T.M. Huggins et al. (Bioresource Technology, 195, (2015), 147-153) describes
graphitic biochar as a cathode electrocatalyst support for microbial fuel cells.

[0005] The presentinvention specifically discloses a composition of matter appropriate for producing a graphite powder
suitable for use in commercial, high performance lithium-ion batteries. The disclosure lays down the ranges required, not
only of the elemental composition but also the relative amounts of the distinguishable carbon allotropes. Furthermore, the
properties associated with the structure and crystalline state of each of the components are definable.

SUMMARY OF THE INVENTION

[0006] The invention is defined in appended claims 1 to 16.

[0007] The presentdisclosure provides a composition of matter comprising a mixture of biochar, a metal and graphite.
This mixture has a set of unique properties which allows it to be processed into a high performance lithium-ion battery
anode powder. The mixture may also be processed into graphite powders for use in other applications. Methods for
producing this composition of matter are also disclosed.

[0008] Inoneaspectthereis provided acomposition of matter comprising a mixture of biochar, a metal and graphite. The
mixture has (a) a graphite content of between about 25 to 65 percent by weight, (b) a metal content of between about 15 to
75 percent by weight and (c) a biochar content of between 1 and 35 percent by weight.

[0009] In one embodiment the graphite has a d-spacing of between about 0.3354 and about 0.3401 nm.

[0010] In one embodiment the electrochemical capacity of the graphite is at least 200 mAh/g, more preferably the
electrochemical capacity of the graphite is greater than 300 mAh/g.

[0011] In one embodiment the specific surface area of the graphite is between about 0.2 to about 50 m2/g. More
preferably the specific surface area of the graphite is less than about 20 m2/g.

[0012] In one embodiment the graphite exhibits a "Coulombic" or first cycle efficiency of greater than 60%, more
preferably greater than 80%.

[0013] In one embodiment the graphite content in the mixture is in particulate form.

[0014] In one embodiment the metal content in the mixture is in particulate form.

[0015] In one embodiment the graphite, metal and biochar content are all in particulate form.

[0016] In one embodiment the mixture is a binary mixture having an elemental composition of between about 25 to 75
percent carbon, made up of biochar and graphite and between about 75 to 25 percent of a selected metal.

[0017] Inone embodimentthe biochar contentis derived from woody biomass heated to temperatures of between about
200 and 1000 degrees Celsius.
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[0018] In one embodiment the metal is a transition metal. In one embodiment the transition metal is selected from
chromium, zirconium, molybdenum, ruthenium, rhodium, palladium, silver, cadmium, zinc, copper, nickel, cobalt, iron,
manganese, chromium, vanadium or any combination thereof.

[0019] In one embodiment the particulate sizes of the biochar component are less than about 1 millimetre.

[0020] In one embodiment the particulate sizes of the metal component are less than about 1 millimetre.

[0021] In one embodiment the particulate sizes of the graphite component are less than about 1 millimetre.

[0022] In one embodiment the particulate sizes of all the components are less than 1 millimetre.

[0023] In one embodiment the total graphitic carbon content in the mixture is greater than about 55%wt.

[0024] In one aspect there is a method of producing a mixture as defined above; the method including the steps of:

i) thermally treating biomass in particulate form at a temperature of between 200 and 1000 degrees Celsius to form a
particulate biochar;

ii) combining the resulting biochar with a particulate metal compound in a wet or a dry form to create a precursor
mixture;

iii) heating the precursor mixture to between about 400 to about 3000 degrees Celsius under inert conditions to form a
graphite containing mixture;

iv) sieving the final mixture to below about 1 mm particulate size to produce a mixture having (a) a graphite content of
between about 25 to 65 percent by weight, (b) a metal content of between about 15 to 75 percent by weight and (c) a
biochar content of between 1 and 35 percent by weight.

[0025] In one embodiment the biomass is thermally treated in water in a hydrothermal step.

[0026] In one embodiment the biomass is thermally treated under inert conditions in a dry pyrolysis step.

[0027] In one embodiment the biomass is forestry residue.

[0028] In one embodiment the forestry residue is sawdust.

[0029] In one embodiment the biomass is woodchip or any other wood-based material.

[0030] Inone embodimentthe biomass particles are less than about 10 mm. In one embodiment the biomass particles
are less than about 1 mm.

[0031] Inoneembodimentthe particulate sizes of the graphite, metal and biochar are all less than about 1 millimetre after
sieving.

[0032] Inone embodiment the method includes the further steps such as but not limited to purification by acid leaching
the mixture (or other means), washing and filtering the resulting graphite sample to high purity graphite. Additional steps
may include densification or spheroidization and carbon coating to further enhance performance.

[0033] The foregoing and other aspects or advantages of the presentinvention will be apparent to those skilled in the art,
using the detailed description, images, analytical results and performance test outcomes provided in this specification.

BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

Fig. 1 shows an image of the microwave applicator used to generate the graphite samples described in this
specification.

Fig. 2a shows an image of the sample crucible placement in the microwave applicator. Fig. 2b shows an image of the
sample crucible at high temperature.

Fig. 3 shows a scanning electron image of the graphite sample generated during Example 1.

Fig. 4 shows an XRD diffractogram of the graphite sample generated during Example 1.

Fig. 5 shows an image of the large graphite "spheres" generated during Example 1, which were removed by sieving.
Fig. 6 shows a scanning electron image of the graphite sample generated during Example 2.

Fig. 7 shows an XRD diffractogram of the graphite sample generated during Example 2.
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Fig. 8 shows a scanning electron image of the graphite sample generated during Example 3.
Fig. 9 shows an XRD diffractogram of the graphite sample generated during Example 3.
Fig. 10 shows an XRD diffractogram of the graphite sample referred to in Example 4.
Fig. 11 shows a particle size distribution of the graphite sample referred to in Example 4.
Fig. 12 shows the electrochemical behaviour of the graphite sample referred to in Example 4.
Fig. 13 shows the XRD diffractograms of the graphite samples generated during Example 5 and 6.

Fig. 14 is a process diagram showing the overall conversion of biomass to graphite anode powder for lithium-ion
batteries.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The following description sets forth numerous exemplary configurations, parameters, and the like. It should be
recognised, however, that such description is not intended as a limitation on the scope of the present invention but is
instead provided as a description of exemplary embodiments.

[0036] No admission is made that any references (including patents and patent applications) cited in this specification
constitutes prior art. Nor does discussion of any reference constitute an admission that such reference forms part of the
common general knowledge in the art, in New Zealand or in any other country.

Definitions

[0037] Ineach instance herein, in descriptions, embodiments, examples, and claims, the terms "comprising”, "includ-
ing", etc., are to be read expansively, without limitation. Thus, unless the context clearly requires otherwise, throughout the
description and the claims, the words "comprise", "comprising", and the like are to be construed in an inclusive sense as to
opposed to an exclusive sense, that is to say in the sense of "including but not limited to".

[0038] As used herein, the articles "a" and "an" are used to refer to one or to more than one (i.e., to at least one) of the
grammatical object of the article. By way of example, "an element" can be taken to mean one element or more than one
element.

[0039] The term "about" or "approximately" is used to indicate a broader range centred on the given value, and unless
otherwise clear from the context implies a broader range around the least significant digit, such as "about 1.1" implies a
range from 1.0 to 1.2. If the least significant digit is unclear, then the term "about" implies a factor of two, e.g., "about X"
implies a value in the range from 0.5x to 2x, for example, about 100 implies a value in a range from 50 to 200. Moreover, all
ranges disclosed herein are to be understood to encompass any and all sub-ranges subsumed therein. For example, a
range of "less than 10" can include any and all sub-ranges between (and including) the minimum value of zero and the
maximum value of 10, that is, any and all sub-ranges having a minimum value of equal to or greater than zero and a
maximum value of equal to or less than 10, e.g., 1 to 4.

[0040] Unless defined otherwise, the scientific and technological terms and nomenclature used herein have the same
meaning as commonly understood by a person of ordinary skill to which this disclosure pertains.

[0041] Notwithstandingthatthe numerical ranges and parameters setting forth the broad scope are approximations, the
numerical values set forth in specific nonlimiting examples are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily resulting from the standard deviation found in their respective
testing measurements at the time of this writing. Furthermore, unless otherwise clear from the context, a numerical value
presented herein has an implied precision given by the first significant digit. Thus, a value 1.105 implies a value from 1.0 to
1.2, whereas 110.5 given by 1.105x102, implies a value from 100 to 120.

[0042] Asused hereinthe terms "biochar" or"carbonaceous char" or"char" are used interchangeably to mean a material
resulting from the thermal decomposition of a carbonaceous material in an inert atmosphere.

[0043] As used herein the term "amorphous" means a material with no long- or short-range structural ordering, as
opposed to a crystal which has an atomic arrangement in the form of a regular lattice, comprised of repetitions of a defined
unit cell.

[0044] Asused herein the term "allotropes"” means materials with the same elemental composition, such as pure carbon
for example, but with different forms or atomic configurations, for example diamond versus graphite or amorphous
biochar/char versus graphite.

[0045] Asused hereinthe term "thermally treated" means any thermal treatment process that is applied to biomass ata
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temperature sufficient to create a biochar, including hydrothermal and dry pyrolysis.

[0046] As used herein the term "high performance” in relation to lithium-ion battery anode powder, means a graphite
powder with a d-spacing of between 0.3354 and 0.3401 nm which results in an electrochemical capacity of at least 200
mAh/g and a specific surface area of between about 0.2 to 50 m2/g which results in a "Coulombic" or first cycle efficiency of
greater than 60%.

Composite of biochar, metal and graphite

[0047] The novel composition of matter described in this specification is comprised of biochar, a metal and graphite. The
biochar is typically derived from the pyrolysis of woody biomass. The metal is typically a transition metal derived from the
decomposition and reduction of an organic or inorganic metallic compound. The graphite is highly crystalline and has a
wide range of morphologies or structures. To produce the composite of interest, the required precursors (biochar and
metallic compound) are mixed and subjected to a heat treatment procedure at a temperature of between 400 and 3000
degrees Celsius for soak time periods of between 60 seconds and 20 hours.

[0048] In general, a biochar is produced by pyrolyzing a biomass starting material, such as wood chips, saw dust,
forestry residue or waste, or any plant derived feedstock, under an inert atmosphere, for example nitrogen, at tempera-
tures of between 200 and 1000 degrees Celsius, for time periods of between a few seconds ("fast" pyrolysis) up to several
hours. Alternatively, the biomass can be converted into char using a hydrothermal approach. Here the char and water can
be placed in an autoclave at around 360 degrees Celsius and a pressure of approximately 200 bar for the same time
periods as pyrolysis, followed by drying. In all cases the resulting char is comprised mainly of the element carbon, with a so-
called fixed carbon content above at least 40% but more usually above 60%. The remainder is comprised of a set of
heteroatoms, mainly hydrogen, oxygen, nitrogen and sulphur. In addition, the char may contain volatile matter, defined as
hydrocarbons, aliphatic or aromatic, which are of high enough molecular weight to not have been vaporised during the heat
treatment. The exact composition will depend on the pyrolysis conditions and the selected biomass starting material. This
material is conventionally referred to as a "green" char.

[0049] Any of the described biochar materials could be selected for the creation of the aforementioned precursor
mixture. It is even possible to use raw biomass directly, which is then transformed into char during the heat treatment
procedure. Following subjection of the precursor mixture (biochar and metallic compound) to the stated heat treatment
procedure, the char is altered in two ways. Firstly, practically all of the residual heteroatoms and volatile matter have been
removed, resulting in a material that is virtually exclusively carbon and has a fixed carbon content in excess of ~99%. This
material is conventionally referred to as a "calcined" or "fully carbonized" char. Secondly, the mass of carbon has been
reduced. The carbon acts as a reductant for the organic or inorganic metallic compound that makes up a part of the
precursor mixture.

[0050] The metallic precursor may be any one of the innumerable organic or inorganic metallic compounds which are
possible. The metal component of the compound is preferably a transition metal, such as but not limited to chromium,
zirconium, molybdenum, ruthenium, rhodium, palladium, silver, cadmium, zinc, copper, nickel, cobalt, iron, manganese,
chromium, vanadium or any combination thereof. However, the metal component may also be comprised of non-transition
metals such as: sodium, magnesium, potassium, calcium, tin, lead and others. Upon heat treatment, most organic and
some inorganic compounds will undergo decomposition(s) to form a metal oxide. However, this is not a requirement,
instead the only critical prerequisite is that the original compound or formed intermediate compound(s) can be reduced to
its metallic state during the heat treatment process. The reduction is typically achieved under an inert atmosphere, in the
presence of the aforementioned carbon (char) component. This process results in a reduction in solid mass as well as
particle size, due to the loss of non-metallic elements as gas and an increase in density of the metal relative to the
compound (in most cases).

[0051] When an elemental metal is exposed to a carbon source such as char at a temperature of between 400 and 3000
degrees Celsius under inert conditions, the process of catalytic conversion will occur. Hereby the "fully carbonized",
amorphous char will be converted into highly crystalline graphite over time. In so doing converting one allotrope of pure
carbon into another. The extent and speed of formation of the graphite is highly dependent on the selected metal but is
relatively insensitive to the original choice of biomass, mainly because it has been fully carbonized. The exact mechanism
of the catalytic transformation is still unknown but two plausible theories have been put forward, namely dissolution-
precipitation and carbide formation-decomposition. In the former a carbon source is dissolved in the metal and graphite is
spontaneously precipitated due to differences in their free energy or level of structural ordering. In the latter an unstable
metal carbide is formed, which spontaneously decomposes to yield graphite. The exact formation mechanism is not
relevant to the current composition of matter.

[0052] Dependingon the selected heat treatment temperature and soak time a varying amount of char will be converted
into graphite. Overall, the current novel composition of matter can be defined in terms of its elemental composition. Given
the fact thatthe biochar componentis fully carbonized to contain in excess of ~99% carbon and graphite is also an allotrope
of pure carbon, the composite is a binary mixture with an elemental composition of between 25 to 75 percent carbon and
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the difference being made up of a selected pure metal (when an alloy is not used).

[0053] Inthe second instance the carbon may be subdivided into its two allotropes namely the residual char and formed
graphite. The relative amount of graphite (as a percentage of the carbon present) may be between about 55 and about 99.9
Y%wt, with residual char making up the remaining about 45% down to about 0.1 %wt. For graphitic materials this percentage
is also known as the "total graphitic carbon" or "TGC".

[0054] While the ideal, model structure of the graphite crystal is well known, real graphitic materials rarely achieve such
crystalline perfection. A key indicator of crystalline imperfection is the so-called "d-spacing" or interlayer distance of the
graphene layers comprising the graphite structure. Rosalind Franklin [3] defined the interlayer spacing of non-graphitic
(i.e. amorphous) carbons as 0.3440 nm and graphite having an interlayer spacing of 0.3354 nm. Practical graphitic
materials fall somewhere in between. Depending on the chosen conditions and selected metallic precursor the achieved d-
spacing will vary. For the novel composition of matter under consideration, the required d-spacing may be specified as
0.3354 nm to 0.3401 nm.

[0055] In addition to the elemental composition and form or allotrope of each component, the novel composition of
matter can be further defined in terms of the structure of each element. During the heat treatment procedure, the metal
particles tend to agglomerate and grow in size. For the current composition of matter, it is necessary that these remain
below a certain critical value. Smaller particles are better suited to a subsequent purification step due to a higher specific
surface area. Thus, in general, the particle sizes of all the components in the mixture are required to be less than 1
millimetre.

[0056] However, under certain conditions, small amounts of very large metal particles can sometimes be formed, in
some extreme cases up to several centimetres. This may be due to factors such as ineffective atmospheric control, choice
of heating rate, system geometry, etc. These large particles only constitute a very small fraction of the mixture (<10 %wt of
the metal component). To remove these the entire composite may be screened or sieved to a particle size of 1 millimetre or
smaller after heat treatment. If a composite includes these abnormal formations, it may still be considered to fall within the
current composition of matter since they only constitute a minor proportion of the overall distribution.

[0057] The following description of a method to produce the aforementioned mixture is presented for purposes of
illustration and description. It is not exhaustive and does not limit the method to the precise form disclosed. Modifications
and variations are possible in light of this disclosure or may be acquired from the practicing of these methods.

[0058] The selected biochar and chosen metallic compound may be milled, if required, to ensure an even distribution.
The two precursors (biochar and metal component) are then mixed in a ratio of between about 0.1 up to about 10 wt/wt. This
can be done underwet or dry conditions. The mixture is heated to a temperature of between 400 and 3000 degrees Celsius
in a furnace, oven, kiln, reactor vessel or similar. The heating may be achieved by resistively heated electrical elements,
microwaves or the inductive coupling of high frequency electromagnetic fields. The selected heating method however
must ensure homogenous heating of the entire material mass to ensure sufficient conversion and a consistent product
quality throughout. Thus, surface heating techniques such as lasers or electromagnetic waves with limited sample
penetration are excluded. Such techniques will not achieve the high total graphitic carbon for the carbon component (TGC
>55 %wt), stipulated herein as a requirement for this composition of matter. The mixture is soaked for periods of between 1
minute and 20 hours under inert atmosphere. Following this time, the mixture is cooled, removed from the furnace and
sieved to a particle size below 1 millimetre to produce the said mixture with the desired properties.

[0059] The aforementioned properties of the mixture are desirable for achieving the final set of physical properties and
performance characteristics to allow the resulting graphite to be used as a high-performance anode in lithium-ion batteries.
The composite can be further processed to enable the measurement of some of these properties. One such step is the
removal of the metal component. The relative amount and size of the metal allows for its rapid removal using acid leaching.
The small particles (<1 mm) enable efficient exposure to the acid, while the chosen mass loading of between 25 to 75 % wt
ensures that leaching times do not become excessive. Very high purities exceeding 99.5 % wt carbon can be achieved
within hours. If the metal content is reduced, fast leaching is also possible but conversion into graphite will be inadequate,
thereby compromising other battery anode properties.

[0060] For example, a priority specification for high performance lithium-ion battery anode material is the achievable
electrochemical capacity. It has been conclusively demonstrated in academic literature [4,5] that a decrease in d-spacing
results in a decrease in electrochemical capacity. Heat treated chars exhibit lower capacities than graphite [6], thus the
higher TGC, the higher the achieved capacity. The high purity, highly crystalline graphite derived from the mixture (TGC
>55 %wt) can achieve graphite capacities in excess of 200 mAh/g and as high as 372 mAh/g, thereby satisfying the
requirements for lithium-ion batteries.

[0061] A second critical specification for high performance lithium-ion battery anode materials is so-called "first cycle
efficiency" or "Coulombic efficiency". It has been demonstrated that the "Coulombic efficiency" is directly correlated to the
graphite powder specific surface area [5]. The specific surface area depends on a wide range of factors, including the
choice of biomass source. The structure and intrinsic porosity presentin the biomass structure will, to alarge extent, persist
allthe way through the process to the graphite presentin the mixture. A graphite surface arearange of 0.2to 50 m2/g or less
is desirable for achieving an acceptable "Coulombic efficiency". The high purity, high density graphite derived from this
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novel mixture composition of matter composite has achieved "Coulombic efficiencies" of greater than 60% and as high as
99%, thereby satisfying the requirements for lithium-ion batteries.

EXAMPLES

[0062] The examplesdescribed herein are provided for the purpose of illustrating specific embodiments of the invention
and are notintended to limit the invention in any way. Although the examples described herein have been used to describe
amethod, itis understood that such detail is solely for this purpose and variations may be made therein by those skilled in
the art without departing from the scope of the overall process.

[0063] The microwave laboratory setup which was used to produce these samples may be described as follows. A
custom designed microwave applicator is used to heat samples to temperatures of up to 2000°C, with a maximum power
input of 3 kW. The applicator arrangement is shown in Figure 1. A microwave generator delivers power to the applicator via
a WR340 waveguide auto-tuner, a PTFE window and a passive coupling element. The microwave generatoris a 2.45GHz
YJ1600-based source (Sairem). A sample is placed within a crucible and positioned within the applicator, usually on a
"pillar" or stand, at a predetermined height to obtain a specific radiation distributions (see Figure 2 a). The unitis sealed and
purged using nitrogen gas (99.9% pure) at a high flowrate for approximately 1 hour to establish an inert atmosphere and
then alower purge flowrate is used to maintain it. After this the power is gradually applied at a rate of 30 W/min to allow the
sample to heat up slowly and rapidly achieve steady state at the desired final power. The steady power setting is chosen to
achieve a desired temperature. The final power level is then held for a specific time, depending on the desired outcome. At
this point the sample is glowing red and the crucible surface temperature can be measured using a handheld pyrometer
through the sight glass, as shown in Figure 2 b. Pyrometer readings demonstrated a high level of fluctuation and
uncertainty, thus a temperature band is reported in the applicable Examples below. Power is then maintained steady for a
given time frame, after which the generator is turned off and the resulting mixture sample allowed to cool for removal.

Example 1

[0064] Sawdust (50 g)from pine trees (pinus radiata) was hydrothermally treated with deionised water at a temperature
of 360 degrees Celsius for 20 min in an autoclave. The sample was allowed to cool and then filtered using a Buchner funnel;
the resulting char was dried in a conventional oven. The dry char (17.5 g) with carbon content around 80%, was combined
with 9.4 g of Manganese Acetate (tetrahydrate). The resulting mixture was placed in a crucible and transferred to the
microwave applicator. Inert conditions were established using nitrogen gas as described above and power was gradually
increased at a rate of approximately 30 W/min up to 1.9 kW. Temperature was measured to be between 1700-1900
degrees Celsius. The power was maintained steady for around 5 to 10 minutes after which the power was cut to the
microwave applicator to produce a resulting mixture. Once cooled the sample was sieved to below 1 mm to remove some
large metal particles in the mixture, at this point the mixture composition can be calculated as shown in Table 1. It was then
leached with 500 ml of concentrated hydrochloric acid overnight, followed by washing with deionised water and filtering
with a Buchner funnel to produce graphite. The resulting graphite was analysed using XRD (Bruker D8 Advance
diffractometer using a mirror-derived 1mm high parallel beam of cobalt K alpha radiation, weighted mean wavelength
1.709026 Angstroms) and SEM (using an ultra-high-resolution field-emission microscope: Zeiss Ultra Plus 55 FEGSEM,
equipped with an in-lens detection system operating at an acceleration voltage of 1 to 10 kV. Aworking distance of between
1 and 5 mm was used and the powders were lightly deposited on carbon tape without any additional sample preparation).
The XRD spectra is shown in Figure 4 and indicates a d-spacing of 0.3355 nm, in addition since no other peaks except
those for graphite it can be concluded that the sample has a graphite (carbon) purity in excess of 90% wt. Furthermore,
since the XRD spectralacks the broad, low intensity peak of amorphous carbon atlow angles, it can be concluded thatless
than 20% of the carbon is not graphitic. A sample of the resulting graphite was characterised and found to have a specific
surface area of 26.8 m2/g. The structure of the formed graphite is shown in Figure 3, indicating a large, flake-like,
anisotropic material with highly ordered graphite crystals. This experiment produced some large metal particles in the
mixture, examples of which are shown in Figure 5.

Table 1 - Example 1 - Mixture Composition

Carbon Yield Metal content
Mass (%) (est.) post Carbon of Mn Acetate Metal Carbon Metal
Component (9) reduction (9) (%) (9) (%) (%)
Dry char 17.5 55% 9.625 82%
Mn Acetate 9.4 22% 21 18%
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[0065] Basedonthe XRD resultitcanbeassumed that80% ofthe carbonis graphitic, thus the composition of the mixture
can be stated as:

(a) a graphite content of about 66 percent by weight,

(b) a metal content of about 18 percent by weight, and

(c) a biochar content of about 16 percent by weight.
Example 2

[0066] Sawdust (50 g)from pine trees (pinus radiata) was hydrothermally treated with deionised water at a temperature
of 360 degrees Celsius for 20 min in an autoclave. The sample was allowed to cool and then filtered using a Buchner funnel;
the resulting char was dried in a conventional oven. The dry char (10.1 g) with carbon content around 80%, was combined
with 8.2 g of Manganese Acetate (tetrahydrate). The resulting mixture was placed in a crucible and transferred to the
microwave applicator. Inert conditions were established and power was gradually increased at a rate of approximately 30
W/min up to 1.3 kW. Temperature was measured to be between 1400-1600 degrees Celsius. The power was maintained
steady for around 5 to 10 minutes after which the power was cut. Once cooled the sample was sieved to below 1 mm, at this
point the mixture composition can be calculated as shown in Table 2. It was then leached with 500 ml of hydrochloric acid
overnight, followed by washing with deionised water and filtering with a Buchner funnel. The resulting graphite was
analysed using XRD (Bruker D8 Advance diffractometer using a mirror-derived 1mm high parallel beam of cobalt K alpha
radiation, weighted mean wavelength 1.709026 Angstroms) and SEM (using an ultra-high-resolution field-emission
microscope: Zeiss Ultra Plus 55 FEGSEM, equipped with an in-lens detection system operating at an acceleration voltage
of 1to 10 kV. A working distance of between 1 and 5 mm was used and the powders were lightly deposited on carbon tape
without any additional sample preparation). The XRD spectrais shown in Figure 7 and indicates a d-spacing of 0.3392 nm,
in addition since no other peaks except those for graphite it can be concluded that the sample has a graphite (carbon) purity
in excess of 90% wt. Furthermore, since the XRD spectra lacks the broad, low intensity peak of amorphous carbon at low
angles, it can be concluded that less than 20% of the carbon is not graphitic. A sample of the graphite was characterised
and found to have a surface area of 74.0 m2/g. The structure of the formed graphite is shown in Figure 6, indicating a
material with smaller, random crystallites and a more isotropic structure.

Table 2 - Example 2 - Mixture Composition

Carbon Yield Metal content
Mass (%) est. post Carbon of Mn Acetate Metal Carbon Metal
Component (9) reduction (9) (%) (9) (%) (%)
Dry char 10.1 55% 5.555 75%
Mn Acetate 8.2 22% 1.8 25%

[0067] Basedonthe XRD resultitcanbeassumedthat80% ofthe carbonis graphitic, thus the composition of the mixture
can be stated as

(a) a graphite content of about 60 percent by weight,

(b) a metal content of about 25 percent by weight and

(c) a biochar content of about 15 percent by weight.
Example 3

[0068] Sawdust(50g)from pinetrees (pinusradiata) was hydrothermally treated with pure water ata temperature of 360
degrees Celsius for 20 min in an autoclave. The sample was allowed to cool and then filtered using a Buchner funnel; the
resulting char was dried in a conventional oven. The dry char (26.7 g) with carbon content around 80%, was combined with
16.2 g of Manganese Acetate (tetrahydrate). The resulting mixture was placed in a crucible and transferred to the
microwave applicator. Inert conditions were established and power was gradually increased at a rate of approximately 30
W/min up to 1.3 kW. Temperature was measured to be between 1400-1600 degrees Celsius. The power was maintained
steady for around 30 to 40 minutes after which the power was cut. Once cooled the sample was sieved to below 1 mm, at
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this point the mixture composition can be calculated as shown in Table 3. It was then leached with 500 ml of hydrochloric
acid overnight, followed by washing with deionised water and filtering with a Buchner funnel. The resulting graphite was
analysed using XRD (Bruker D8 Advance diffractometer using a mirror-derived 1mm high parallel beam of cobalt K alpha
radiation, weighted mean wavelength 1.709026 Angstroms) and SEM (using an ultra-high-resolution field-emission
microscope: Zeiss Ultra Plus 55 FEGSEM, equipped with an in-lens detection system operating at an acceleration voltage
of 1to 10 kV. A working distance of between 1 and 5 mm was used and the powders were lightly deposited on carbon tape
without any additional sample preparation). The XRD spectrais shownin Figure 9 and indicates a d-spacing of 0.3360 nm,
in addition since no other peaks except those for graphite it can be concluded that the sample has a graphite (carbon) purity
in excess of 90% wt. A sample of the graphite was characterised and found to have a surface area of 50.2 m2/g.
Furthermore, since the XRD spectra lacks the broad, low intensity peak of amorphous carbon at low angles, it can be
concluded that less than 20% of the carbon is not graphitic. The structure of the formed graphite is shown in Figure 8,
indicating an intermediary between flake-like particles and smaller, random crystallites with a more isotropic structure.

Table 3 - Example 3 - Mixture Composition

Carbon Yield Metal content
Mass (%) est. post Carbon of Mn Acetate Metal Carbon Metal
Component (9) reduction (9) (%) (9) (%) (%)
Dry char 26.7 55% 14.685 80%
Mn Acetate 16.2 22% 3.6 20%

[0069] Basedonthe XRD resultitcanbeassumedthat80% ofthe carbonis graphitic, thus the composition of the mixture
can be stated as:

(a) a graphite content of about 64 percent by weight,

(b) a metal content of about 20 percent by weight, and

(c) a biochar content of about 16 percent by weight.
Example 4

[0070] The graphite from several test runs under similar conditions as those described in Example 1 to 3, were mixed
together to generate a large sample for battery testing. The mixed sample was analysed using XRD and found to have a d-
spacing of around 0.3378 nm as shown in Figure 10. Surface area was measured as 52.85 m2/g. The particle size
distribution was verified and the material was found to have an average particle size of 29.22 micron as demonstrated in
Figure 11. The lithium-ion battery performance was verified as follows: graphite was coated onto a copper foil using a
suitable binder. After drying circular discs were cut using a punch and mallet. These were combined with lithium metal foil to
forma coin cell. The organic electrolyte consisting of LiPFg and ethylene carbonate was introduced under inert conditions.
The coin cell was sealed and tested using a potentiostat. The electrochemical data was collected and analysed manually
after testing in CR2016 coin cells. Figure 12 shows first charge and discharge cycles at C/20 (C being the theoretical
capacity of graphite which is 372 mAh/g) at constant current rate. The specific capacity obtained from the first discharge
cycle forthe CarbonScape graphite in the half cell is 410.87 mAh/g while the charge capacity is 275 mAh/g. This gives a first
cycle or "Coloumbic" efficiency of 66.46%, thus the graphite exhibits properties which are suitable for use in lithium-ion
batteries.

Example 5

[0071] Sawdust (~10 g) from pine trees (pinus radiata) was combined with around 17.6 g of Manganese Acetate
(tetrahydrate). The resulting mixture was placed in a crucible and heated in a conventional, electrically heated furnace (RD
WEBB Aircooled Vacuum Furnace model RD-G). Inert conditions were established by purging with Argon gas (>99.9%)
and the temperature was increased at a ramp rate of 10 degrees per minute. Final temperature was set at 1750 degrees
Celsius. The temperature was maintained steady for 180 minutes after which the furnace was switched off. Once cooled
the sample was sieved to below 1 mm, at this point the mixture composition can be calculated as shown in Table 4. It was
then leached with 500 ml of hydrochloric acid overnight, followed by washing with deionised water and filtering with a
Buchnerfunnel. The resulting graphite was analysed using XRD (Bruker D8 Advance diffractometer using a mirror-derived
1mm high parallel beam of cobalt K alpha radiation, weighted mean wavelength 1.709026 Angstroms). The XRD spectrais
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shownin Figure 13 and indicates a d-spacing of 0.3358 nm, in addition since no other peaks except those for graphite it can
be concluded that the sample has a graphite (carbon) purity in excess of 90% wt. Using the established correlation
between d-spacing and discharge capacity [5], this material may be estimated to have an electrochemical capacity of
around 351 mAh/g. Furthermore, since the XRD spectra lacks the broad, low intensity peak of amorphous carbon at low
angles, it can be concluded that less than 20% of the carbon is not graphitic. A sample of the graphite was characterised
and found to have an unexpectedly low surface area of 5.439 m2/g. Using the established correlation between "Coulombic
efficiency" and specific surface area [5], this material may be estimated to have a "Coulombic efficiency" of around 85%.

Table 4 - Example 5 - Mixture Composition

Carbon Yield Metal content
Mass (%) est. post Carbon of Mn Acetate Metal Carbon Metal
Component (9) reduction (9) (%) (9) (%) (%)
Sawdust 10 20% 2 34%
Mn Acetate 17.6 22% 3.9 66%

[0072] Basedonthe XRD resultitcanbeassumedthat80% ofthe carbonis graphitic, thus the composition of the mixture
can be stated as:

(a) a graphite content of about 27 percent by weight,

(b) a metal content of about 66 percent by weight, and

(c) a biochar content of about 7 percent by weight.
Example 6

[0073] Pyrolyzed hard wood charcoal (~10 g) obtained from "Solid Energy" in New Zealand was milled and sieved to
below 200 microns. The char, with a carbon content of around 70%, was combined with around 6.6 g of Manganese Oxide.
The resulting mixture was placed in a crucible and heated in a conventional, electrically heated furnace (RD WEBB
Aircooled Vacuum Furnace model RD-G). Inert conditions were established by purging with Argon gas (>99.9%) and the
temperature was increased at a ramp rate of 10 degrees per minute. Final temperature was set at 1750 degrees Celsius.
The temperature was maintained steady for 180 minutes after which the furnace was switched off. Once cooled the sample
was sieved to below 1 mm, at this point the mixture composition can be calculated as shown in Table 5. It was then leached
with 500 ml of hydrochloric acid overnight, followed by washing with deionised water and filtering with a Buchner funnel.
The resulting graphite was analysed using XRD (Bruker D8 Advance diffractometer using a mirror-derived 1mm high
parallel beam of cobalt K alpha radiation, weighted mean wavelength 1.709026 Angstroms). The XRD spectra is for this
sampleis also shown in Figure 13 and indicates a d-spacing of 0.3362 nm, in addition since no other peaks except those for
graphite it can be concluded that the sample has a graphite (carbon) purity in excess of 90% wt. Using the established
correlation between d-spacing and discharge capacity [5], this material may be estimated to have an electrochemical
capacity of around 346 mAh/g. Furthermore, since the XRD spectra lacks the broad, low intensity peak of amorphous
carbon at low angles, it can be concluded that less than 20% of the carbon is not graphitic. A sample of the graphite was
characterised and found to have an exceptionally low surface area of just 0.204 m2/g. Using the established correlation
between "Coulombic efficiency" and specific surface area [5], this material may be estimated to have a "Coulombic
efficiency” of around 96%.

Table 5 - Example 6 - Mixture Composition

Carbon Yield Metal content
Mass (%) est. post Carbon of Mn Oxide Metal Carbon Metal
Component (9) reduction (9) (%) (9) (%) (%)
Dry Char 10 80% 8 66%
Mn Oxide 6.6 63% 4.2 34%

[0074] Basedonthe XRD resultitcanbe assumedthat80% ofthe carbonis graphitic, thus the composition of the mixture
can be stated as:

10
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(a) a graphite content of about 53 percent by weight,
(b) a metal content of about 34 percent by weight, and
(c) a biochar content of about 13 percent by weight.

[0075] The schematic outline of the overall process is shown in Figure 14, where biomass in particulate form (1) is
processed to graphite powder (4), suitable for use in battery anodes. The biomass (1) is converted to biochar (2) in
particulate form. The biochar (2) is then combined with a metal in particulate form and heat treated to form the composition
of matter (3). The composition of the mixture (3) of biochar, graphite and metal is then used to form the graphite powder (4).
The graphite powder (4) is created by processing the mixture (3) as described above in the Examples.

[0076] As can be seen from the examples and Figure 14, it is possible to achieve a graphite powder having properties
suitable for use as a high performance lithium-ion battery anode powder. Due to the unique starting point of the process,
compared to conventional natural and synthetic graphite, the resulting anode powder has been found to be unique in terms
of its structure and performance. Because of this, the graphite powder achieved exhibits a distinctive set of performance
characteristics and is capable of outperforming both natural and synthetic graphite in specific lithium-ion battery
applications. In addition, the current graphite is the only material with a negative CO, emissions footprint. This makes
it an environmentally friendly option.
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Claims

1. A composition of matter comprising a mixture of biochar, a metal and graphite, with (a) a graphite content of between
25 to 65 percent by weight, (b) a metal content of between 15 to 75 percent by weight and (c) a biochar content of
between 1 and 35 percent by weight.

2. The composition as claimed in claim 1, wherein the graphite has a d-spacing of between 0.3354 and 0.3401 nm.

3. The composition as claimed in claim 1, wherein the graphite electrochemical capacity is at least 200 mAh/g or
preferably at least 300 mAh/g.

4. The composition as claimed in claim 1, wherein the specific surface area of the graphite is between 0.2 to 50 m2/g or
preferably between 0.5 to 20 m2/g.

5. The composition as claimed in claim 1, wherein the graphite exhibits a "Coulombic" or first cycle efficiency of greater
than 60% or preferably a "Coulombic" or first cycle efficiency of greater than 80%.

11



10

15

20

25

30

35

40

45

50

EP 4 079 686 B1

6. The composition as claimed in any one of claims 1 to 5, wherein one or more of the following apply:
(i) the graphite content in the mixture is in particulate form;
(i) the metal content in the mixture is in particulate form;
(iii) the biochar content in the mixture is in particulate form; and
(iv) the graphite, metal and biochar content are all in particulate form.

7. The composition as claimed in any one of claims 1 to 6, wherein the mixture is a binary mixture having an elemental
composition of between 25 to 75 percent carbon made up of biochar and graphite and between 75 to 25 percent of a
selected metal.

8. The composition as claimed in any one of claims 1 to 7, wherein the biochar content is derived from woody biomass
heated to temperatures of between 200 and 1000 degrees Celsius.

9. Thecomposition as claimed in any one of claims 1 to 8, wherein the metal is a transition metal, preferably the transition
metal is selected from chromium, zirconium, molybdenum, ruthenium, rhodium, palladium, silver, cadmium, zinc,
copper, nickel, cobalt, iron, manganese, chromium, vanadium or any combination thereof.

10. The composition as claimed in any one of claims 1 to 9, wherein one or more of the following apply:

(i) the particulate sizes of the biochar component are less than 1 millimetre;

(ii) the particulate sizes of the metal component are less than 1 millimetre;

(i) the particulate sizes of the graphite component are less than 1 millimetre; and
(iv) the particulate sizes of all the components are less than 1 millimetre.

11. The composition as claimed in any one of claims 1 to 10 wherein the mixture has a total graphitic carbon content
greater than 55%wt.

12. A method of producing a mixture as claimed in any one of claims 1 to 11; the method including the steps of:

i) thermally treating biomass in particulate form at a temperature of between 200 and 1000 degrees Celsius to
form a particulate biochar;

ii) combining the resulting biochar with a particulate metal compound combining the resulting biochar with a
particulate metal compound in a wet or a dry form to create a precursor mixture;

iii) heating the precursor mixture to between 400 to 3000 degrees Celsius underinert conditions to form a graphite
containing mixture;

iv) sieving the final mixture to below 1 mm particulate size to produce a mixture having (a) a graphite content of
between 25 to 65 percent by weight, (b) a metal content of between 15 to 75 percent by weight and (c) a biochar
content of between 1 and 35 percent by weight.

13. The method as claimed in claim 12, wherein the biomass is thermally treated in water in a hydrothermal step.

14. The method as claimed in claim 13, wherein the biomass is thermally treated under inert conditions in a dry pyrolysis
step.

15. The method as claimed in any one of claims 12 to 14, wherein the biomass is selected from forestry residue, sawdust,
wood chip or other wood-based material.

16. The method as claimed in any one of claims 12 to 15, wherein the biomass particles are less than 10 mm or more
preferably, less than 1mm.

Patentanspriiche

1. Stoffzusammensetzung, umfassend eine Mischung aus Biokohle, einem Metall und Graphit, mit (a) einem Graphit-

gehalt zwischen 25 und 65 Gew.-%, (b) einem Metallgehalt zwischen 15 und 75 Gew.-% und (c) einem Biokohlegehalt
zwischen 1 und 35 Gew.-%.
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Zusammensetzung nach Anspruch 1, wobei der Graphit einen d-Abstand zwischen 0,3354 und 0,3401 nm aufweist.

Zusammensetzung nach Anspruch 1, wobei die elektrochemische Kapazitat des Graphits mindestens 200 mAh/g
oder vorzugsweise mindestens 300 mAh/g betragt.

Zusammensetzung nach Anspruch 1, wobei die spezifische Oberflache des Graphits zwischen 0,2 und 50 m2/g oder
vorzugsweise zwischen 0,5 und 20 m2/g betragt.

Zusammensetzung nach Anspruch 1, wobei der Graphit einen "Coulomb"- oder Erstzyklus-Wirkungsgrad von Gber
60 % oder vorzugsweise einen "Coulomb"- oder Erstzyklus-Wirkungsgrad von uber 80 % aufweist.

Zusammensetzung nach einem der Anspriiche 1 bis 5, wobei einer oder mehrere der folgenden zutreffen:

(i) der Graphitgehalt in der Mischung liegt in Partikelform vor;

(i) der Metallgehalt in der Mischung liegt in Partikelform vor;

(iii) der Biokohlegehalt in der Mischung liegt in Partikelform vor; und

(iv) der Graphit-, Metall- und Biokohlegehalt liegen alle in Partikelform vor.

Zusammensetzung nach einem der Anspriiche 1 bis 6, wobei die Mischung eine bindre Mischung mit einer
Elementzusammensetzung zwischen 25 und 75 Prozent Kohlenstoff aus Biokohle und Graphit und zwischen 75
und 25 Prozent eines ausgewahlten Metalls ist.

Zusammensetzung nach einem der Anspriiche 1 bis 7, wobei der Biokohlegehalt aus Holzbiomasse stammt, die auf
Temperaturen zwischen 200 und 1000 Grad Celsius erhitzt wurde.

Zusammensetzung nach einem der Anspriiche 1 bis 8, wobei das Metall ein Ubergangsmetall ist, vorzugsweise
wobei das Ubergangsmetall aus Chrom, Zirkonium, Molybdan, Ruthenium, Rhodium, Palladium, Silber, Cadmium,
Zink, Kupfer, Nickel, Kobalt, Eisen, Mangan, Chrom, Vanadium oder einer beliebigen Kombination davon ausgewahlt
ist.

Zusammensetzung nach einem der Anspriiche 1 bis 9, wobei einer oder mehrere der folgenden zutreffen:

(i) die PartikelgroRRe der Biokohlekomponente betragt weniger als 1 Millimeter;

(i) die PartikelgréoRe der Metallkomponente betragt weniger als 1 Millimeter;

(iii) die PartikelgrofRe der Graphitkomponente betragt weniger als 1 Millimeter; und
(iv) die PartikelgréRRe aller Bestandteile betragt weniger als 1 Millimeter.

Zusammensetzung nach einem der Anspriiche 1 bis 10, wobei die Mischung einen Gesamtgehalt an graphitischem
Kohlenstoff von Giber 55 Gew.-% aufweist.

Verfahren zum Herstellen einer Mischung nach einem der Anspriiche 1 bis 11, wobei das Verfahren die Schritte
umfasst:

i) thermisches Behandeln von Biomasse in Partikelform bei einer Temperatur zwischen 200 und 1000 Grad
Celsius, um eine partikelfdrmige Biokohle zu bilden;

ii) Kombinieren der resultierenden Biokohle mit einer partikelférmigen Metallverbindung Kombinieren der
resultierenden Biokohle mit einer partikelférmigen Metallverbindung in nasser oder trockener Form, um eine
Vorlaufermischung zu erzeugen;

ii) Erhitzen der Vorlaufermischung auf 400 bis 3000 Grad Celsius unter inerten Bedingungen, um eine
graphithaltige Mischung zu bilden;

iv) Sieben der endgiiltigen Mischung auf eine Partikelgré3e von unter 1 mm, um eine Mischung mit (a) einem
Graphitgehalt zwischen 25 und 65 Gew.-%, (b) einem Metallgehalt zwischen 15 und 75 Gew.-% und (c) einem
Biokohlegehalt zwischen 1 und 35 Gew.-% zu erzeugen.

Verfahren nach Anspruch 12, wobei die Biomasse in einem hydrothermalen Schritt in Wasser thermisch behandelt
wird.

Verfahren nach Anspruch 13, wobei die Biomasse in einem Trockenpyrolyseschritt unter inerten Bedingungen
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thermisch behandelt wird.

Verfahren nach einem der Anspriiche 12 bis 14, wobei die Biomasse aus Forstriickstanden, Sagemehl, Holzspanen
oder anderem Holzmaterial ausgewahlt ist.

Verfahren nach einem der Anspriiche 12 bis 15, wobei die Biomassepartikel kleiner als 10 mm oder noch bevorzugter
kleiner als 1 mm sind.

Revendications

10.

1.

Composition de matiere comprenant un mélange de biochar, d'un métal et de graphite, avec (a) une teneur en
graphite comprise entre 25 et 65 pour centen poids, (b) une teneur en métal comprise entre 15 et 75 pour centen poids
et (c) une teneur en biochar comprise entre 1 et 35 pour cent en poids.

Composition selon la revendication 1, dans laquelle le graphite a un espacement d compris entre 0,3354 et 0,3401
nm.

Composition selonlarevendication 1, dans laquelle la capacité électrochimique du graphite est d’au moins 200 mAh/g
ou de préférence d’au moins 300 mAh/g.

Composition selon larevendication 1, dans laquelle la surface spécifique du graphite est comprise entre 0,2 et 50 m2/g
ou de préférence entre 0,5 et 20 m2/g.

Composition selon la revendication 1, dans laquelle le graphite présente une efficacité « coulombienne » ou de
premier cycle supérieure a 60 % ou de préférence une efficacité « coulombienne » ou de premier cycle supérieure a 80
%.

Composition selon 'une quelconque des revendications 1 a 5, dans laquelle une ou plusieurs des caractéristiques
suivantes s’appliquent :

(i) la teneur en graphite dans le mélange est sous forme particulaire ;

(ii) la teneur en métal dans le mélange est sous forme particulaire ;

(iii) la teneur en biochar dans le mélange est sous forme particulaire ; et

(iv) les teneurs en graphite, en métal et en biochar sont enti€rement sous forme particulaire.

Composition selon I'une quelconque des revendications 1 a 6, dans laquelle le mélange est un mélange binaire ayant
une composition élémentaire comprise entre 25 et 75 pour cent de carbone constitué de biochar et de graphite etentre
75 et 25 pour cent d’'un métal sélectionné.

Composition selon I'une quelconque des revendications 1 a 7, dans laquelle la teneur en biochar est issue de
biomasse ligneuse chauffée a des températures comprises entre 200 et 1000 degrés Celsius.

Composition selon 'une quelconque des revendications 1 a 8, dans laquelle le métal est un métal de transition, de
préférence le métal de transition est choisi parmi le chrome, le zirconium, le molybdéne, le ruthénium, le rhodium, le
palladium, I'argent, le cadmium, le zinc, le cuivre, le nickel, le cobalt, le fer, le manganése, le chrome, le vanadium ou
toute combinaison de ceux-ci.

Composition selon 'une quelconque des revendications 1 a 9, dans laquelle une ou plusieurs des caractéristiques
suivantes s’appliquent :

(i) les tailles des particules du composant biochar sont inférieures a 1 millimétre;

(ii) les tailles des particules du composant métallique sont inférieures a 1 millimétre;
(iii) les tailles des particules du composant graphite sont inférieures a 1 millimetre; et
(iv) les tailles des particules de tous les composants sont inférieures a 1 millimétre.

Composition selon I'une quelconque des revendications 1 a 10, dans laquelle le mélange a une teneur totale en
carbone graphitique supérieure a 55 % en poids.
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Procédé de production d’'un mélange selon I'une quelconque des revendications 1 a 11 ; le procédé comprenant les
étapes de :

i) traitement thermique de la biomasse sous forme particulaire a une température comprise entre 200 et 1 000
degrés Celsius pour former un biochar particulaire ;

ii) combinaison du biochar résultant avec un composé métallique particulaire, combinaison du biochar résultant
avec un composé métallique particulaire sous une forme humide ou séche pour créer un mélange précurseur ;
iii) chauffe du mélange précurseur a une température comprise entre 400 et 3 000 degrés Celsius dans des
conditions inertes pour former un mélange contenant du graphite ;

iv) tamisage du mélange final jusqu’a obtenir une taille de particules inférieure @ 1 mm pour produire un mélange
ayant (a) une teneur en graphite comprise entre 25 et 65 pour cent en poids, (b) une teneur en métal comprise
entre 15 et 75 pour cent en poids et (c) une teneur en biochar comprise entre 1 et 35 pour cent en poids.

Procédé selon la revendication 12, dans lequel la biomasse est traitée thermiquement dans I'eau dans une étape
hydrothermale.

Procédé selon la revendication 13, dans lequel la biomasse est traitée thermiquement dans des conditions inertes
dans une étape de pyrolyse seche.

Procédé selon 'une quelconque des revendications 12 a 14, dans lequel la biomasse est choisie parmi des résidus
forestiers, de la sciure, des copeaux de bois ou d’autres matériaux a base de bois.

Procédé selon I'une quelconque des revendications 12 a 15, dans lequel les particules de biomasse mesurent moins
de 10 mm ou, de préférence, moins de 1 mm.
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FIG. 1
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FIG. 3
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FIG. 6
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FIG. 8

FIG. 9
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FIG. 10
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FIG. 12
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Figure 14
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